A Gram-stain-negative, aerobic, rod-shaped and motile bacterium, designated M23
T represents a novel species in the genus Silanimonas, for which the name Silanimonas algicola sp. nov. is proposed. The type strain is M23
T (=KCTC 52219 T =JCM 31889 T )
Cyanobacterial blooms can reduce water quality with the release of toxins and odorous compounds [1] [2] [3] . Microcystis, commonly detected during cyanobacterial blooms, forms dense surface scum in eutrophic freshwater bodies and is also capable of producing potent liver toxins (microcystins) [3] . Numerous studies have shown that bacterial partners associated with microalgae are able to provide essential micronutrients (e.g. vitamins) with an exchange of metabolic compounds (e.g. carbon sources) [4] [5] [6] . Among various such bacteria, Silanimonas was found to dominate the attached bacterial fraction in Microcystis cultures [7] .
The genus Silanimonas (type species: Silanimonas lenta), belonging to the family Xanthomonadaceae within the class Gammaproteobacteria, was proposed by Lee [8] . At the time of writing, this genus comprises two recognized species, namely S. lenta [8] and Silanimonas mangrovi [9] . These species were isolated from hot spring and mangrove sediment, respectively. In this study, we describe a novel aerobic bacterial strain (M23 T ) that was isolated from a laboratory culture of Microcystis. Phylogenetic analysis based on 16S rRNA gene sequences revealed that strain M23
T is closely related to Silanimonas members. Based on the results of the polyphasic taxonomic investigation, including genotypic, phenotypic and chemotaxonomic characterizations, we propose that strain M23
T represents a novel species of this genus.
Strain M23
T was isolated from a laboratory culture of Microcystis, which was isolated from the surface water of Lake Seo, South Korea. Briefly, the well-suspended Microcystis aeruginosa culture was serially diluted with sterilized distilled water (pH 7.0) and spread on R2A agar (Difco) plates. The plates were incubated at 25 C until the appearance of colonies. Single colonies were transferred onto new R2A agar plates and incubated at the same conditions. Once the new isolate was identified as a single strain, it was maintained as 20 % (v/v) glycerol stock at À80 C.
Growth on different media was tested using nutrient agar (NA; Difco) and tryptone soy agar (TSA; Difco). Cell morphology and motility were observed under a phase-contrast microscope (Nikon Optiphot, Â1000 magnification) and scanning electron microscope (Model S4800; Hitachi). For the latter, cells were fixed with formaldehyde, washed with PBS and dehydrated with different concentrations of ethanol solutions [10] . For biochemical characterization, strain M23 T and the reference strains were cultured on R2A agar plates for 3 days at 25 C. A Gram stain kit (BectonDickinson) was used to perform the Gram reaction test according to the manufacturer's instructions. Tetramethylp-phenylenediamine at 1 % was used to determine oxidase activity [11] and 3 % H 2 O 2 was used to determine catalase activity. Carbon-source utilization, enzyme activities and other physiological features were examined with API ZYM, API 20NE and API 50CH test strips according to the manufacturer's instructions (bioM erieux). The pH range (pH 4.0-12.0 at intervals of 1 pH unit) for growth was determined in R2A broth. Different buffer systems [12] were used to adjust the pH values of the medium. Growth was investigated at different temperatures (4, 10, 15, 25, 30, 37, 42 and 45 C) on R2A agar plates. NaCl tolerance tests were performed on R2A agar with different concentrations (0-2 %, w/v). Susceptibility to antibiotics was tested on R2A agar plates using discs (approximately 5 mm in diameter) containing the following compounds (µg per disc): ampicillin (50), bacitracin (20) , kanamycin (50), rifampicin (25) , spectinomycin (20) , streptomycin (100), tetracycline (40) and vancomycin (20) . Anaerobic growth was tested in serum bottles after adding thioglycolate (1 g l
À1
) and resazurin oxygen indicator to R2A broth and replacing the upper air layer with nitrogen gas.
Genomic DNA was extracted using the FastDNA SPIN Kit for Soil DNA extraction kit according to the manufacturer's instructions (MP Biomedicals). The 16S rRNA gene was amplified with the universal bacterial primer set 27F and 1492R [13] . PCR amplification, purification and sequencing procedures for the 16S rRNA gene were performed as described by Jin et al. [14] . The obtained 16S rRNA gene partial sequences were compiled using SeqMan software (DNASTAR), and compared with the available 16S rRNA gene sequences from the EzTaxon-e server (www.ezbiocloud.net) [15] to determine their approximate phylogenetic affiliations. Sequence alignment and editing were performed with CLUSTAL X [16] and BioEdit [17] , respectively. The evolutionary distances between the new isolate and the reference species were calculated using the Kimura twoparameter model [18] . Phylogenic trees were reconstructed using the neighbour-joining [19] , maximum-likelihood [20] and maximum-parsimony [21] algorithms in MEGA 6 [22] , and bootstrap values were calculated from 1000 replications [23] . The genomic G+C content was determined using reversed-phase HPLC after enzymatic degradation of DNA to nucleosides [24] . DNA-DNA hybridizations between strain M23
T and the closely related type strains were performed as described by Ezaki et al. [25] using photobiotin-labelled DNA probes and micro-dilution wells. Hybridization was performed with five replications for each sample. Among the values obtained from each sample, the highest and lowest values were excluded and the means of the remaining three values were converted to a percentage of DNA-DNA relatedness [26] .
To analyse cellular fatty acids, strain M23
T and the reference strains were cultured on R2A agar plates for 3 days at 25 C. Preparation and analysis of fatty acids were carried out as described before [27, 28] . Briefly, the cellular fatty acids were saponified, methylated and extracted according to the protocol of the Sherlock Microbial Identification System (MIDI). The extracted cellular fatty acids were then analysed by GC and identified by the Microbial Identification software package [28] . Isoprenoid quinones were extracted with chloroform/methanol (2 : 1, v/v), evaporated under vacuum conditions and re-extracted in n-hexane/water (1 : 1, v/v). The crude n-hexane-quinone solution was purified and subsequently analysed by HPLC as described by Groth et al. [29] . Polar lipids were extracted, examined by twodimensional TLC and identified as described by Minnikin et al. [30] .
Strain M23
T was aerobic, Gram-stain-negative, catalaseand oxidase-positive, and rod-shaped. A monotrichous polar flagellum was observed in strain M23
T under scanning electron microscopy (Fig. S1 , available with the online Supplementary Material). After incubation on R2A agar plates for 3 days, colonies were smooth, circular, non-glossy, pale T ; 2, S. lenta DSM 16282 T ; 3, S. mangrovi DSM 24914 T . All strains were positive for catalase, esterase (C4), leucine arylamidase, oxidase, trypsin, assimilation of adipate and acid production from starch, aesculin, glycogen, maltose and potassium 5-ketogluconate. All strains were negative for assimilation of capric acid, glucose acidification, indole production, acid phosphatase, alkaline phosphatase, arginine dihydrolase, a-chymotrypsin, esterase lipase (C8), a- . Growth was observed on R2A agar plates in the presence of an additional supply of NaCl up to 1.0 % (w/v), but not at 1.5 % (optimum 0 % NaCl). Strain M23 T was positive for nitrate reduction, and assimilation of N-acetylglucosamine, adipate, L-arabinose, D-glucose, malate, Dmannitol, D-mannose, phenylacetate, potassium gluconate and trisodium citrate. Acids were produced from starch, aesculin, gentiobiose, D-glucose, glycogen, maltose and potassium 5-ketogluconate. The strain was positive for the following enzyme activities: catalase, crystine arylamidase, esterase (C4), b-glucosidase, leucine arylamidase, lipase (C14), oxidase, trypsin and valine arylamidase. All other tests in the API 20NE, ZYM and 50CH kits were found to be negative (Table 1 ). Cells could grow on R2A agar, NA and TSA medium. Strain M23
T was susceptible to the following antibiotics (g per disc): ampicillin (50), rifampicin (25) and vancomycin (20) , but resistant to kanamycin (50), bacitracin (20) , spectinomycin (20) , streptomycin (100) and tetracycline (40).
The 16S rRNA gene sequence obtained in this study was a continuous stretch of 1394 bp. On the basis of BLAST results of the 16S rRNA gene sequence against the existing taxonomic database, strain M23
T was closely related to the species in the genus Silanimonas: S. lenta DSM 16282 T (98.5 % similarity) and S. mangrovi DSM 24913 T (94.6 %). The phylogenetic trees reconstructed using the neighbour-joining, maximum-likelihood and maximum-parsimony algorithms showed that strain M23
T clustered with S. lenta (type species of the genus Silanimonas) and formed a phylogenetic lineage within the genus Silanimonas of the family Xanthomonadaceae (Fig. 1) . DNA-DNA relatedness between strain M23
T and the closely related species in Silanimonas was <30 %, i.e. 28.2±3.5 % (S. lenta DSM 16282 T ) and 10.1 ±1.6 % (S. mangrovi DSM 24913 T ). The DNA-DNA relatedness between strain M23
T and its closest phylogenetic neighbours was below the 70 % cut-off point recommended for the assignment of strains to the same genomic species [31] . These results indicate that strain M23
T represents a separate species in the genus Silanimonas.
The G+C content of strain M23
T was 69.6 mol%. The cellular fatty acid profiles of strain M23
T and closely related species in the genus Silanimonas are summarized in Table 2 . Briefly, the major cellular fatty acids of strain M23
T were iso-C 15 : 0 (21.1 %), summed feature 3 (C 16 : 1 !7c and/or C 16 : 1 !6c) (15.0 %) and iso-C 16 : 0 (14.5 %). This profile of major fatty acids was similar but not identical to those of members of the genus Silanimonas determined under the same cultivation conditions. For example, iso-C 15 : 0 was a dominant fatty acid in all three strains, but the content of summed feature 3 (C 16 : 1 !7c and/or C 16 : 1 !6c) was approximately 10 times higher in strain M23
T than in S. lenta and approximately 2.5 times higher than in S. mangrovi. The isoprenoid quinone of strain M23
T comprised ubiquinone-8 (Q-8) (91 %), ubiquinone-7 (Q-7) (6 %) and an unidentified 
Luteimonas abyssi XH031 T (KQ759763)

Luteimonas marina FR1330 T (EU295459)
Lysobacter caeni BUT-8 T (KJ008918)
Lysobacter daejeonensis GH1-9 T (DQ191178)
Lysobacter terrae THG-A13 T (KF483861)
Lysobacter fragariae THG-DN8.7 T (KM035978)
Lysobacter terricola 5GH18-14 T (KR869779)
Silanimonas mangrovi DSM24914 T (HE573746)
Silanimonas algicola M23 T (KY363638)
Silanimonas lenta DSM 16282 T (AUBD01000017)
Arenimonas donghaensis HO3-R19 T (DQ411038)
Arenimonas daejeonensis T7-07 T (AM229325)
Arenimonas malthae CC-JY-1 T (DQ23976) component. S. lenta and S. mangrovi also contain Q-8 as a major respiratory quinone [8, 9] . The similar respiratory quinone system could be used to assign strain M23 T to the genus Silanimonas. Total polar lipids of strain M23
Dokdonella koreensis DS-123 T (CP015249)
T were diphosphatidylglycerol, phosphatidylethanolamine, phosphatidylmethylethanolamine, phosphatidylglycerol, seven unknown phospholipids and two unknown aminolipids. All strains in the genus Silanimonas contain diphosphatidylglycerol, phosphatidylethanolamine, and phosphatidylglycerol as cellular polar lipids [8, 9] . This result supports the suggestion that strain M23
T could be a member of the genus Silanimonas. However, none of the other strains contain phosphatidylmethylethanolamine. This characteristic can be used to distinguish strain M23
T from the other two members of the genus Silanimonas.
Phenotypic, chemotaxonomic and genotypic evidence (capacity for carbon utilization and enzyme activities, fatty acid composition, different DNA G+C content, etc.) could be used for the differentiation of strain M23
T from closely related species. On the basis of the data obtained from this study, strain M23
T is considered to represent a novel species of the genus Silanimonas, for which the name Silanimonas algicola sp. nov. is proposed.
DESCRIPTION OF SILANIMONAS ALGICOLA SP. NOV.
Silanimonas algicola (al.gi¢co.la. L. n. alga -ae an alga; L. suff. -cola from L. n. incola an inhabitant; N.L. fem. n. algicola an inhabitant of algae).
Cells are Gram-stain-negative, strictly aerobic, motile and rod-shaped. Cells are 0.2-0.3 µm in diameter and 0.8-1.3 µm in length. Colonies grown on R2A agar (Difco) for 2 days are smooth, circular, non-glossy, pale yellow and 1-2 mm in diameter. Grows at C and at pH 7.0-11.0, but not at 45 C or at pH 12.0. Growth occurs in the absence of NaCl and in the presence of 1.0 % (w/v) NaCl, but not at 1.5 % (w/v) NaCl. Positive for the following enzyme activities: alkaline phosphatase, catalase, esterase (C4), esterase lipase (C8), lipase (C14), leucine arylamidase, oxidase and urease. Substrate utilization and enzyme production are given in Table 1 . The predominant cellular fatty acids are iso-C 15 : 0 , summed feature 3 (C 16 : 1 !7c and/or C 16 : 1 !6c) and iso-C 16 : 0 , and Q-8 is the major respiratory quinone. Contains diphosphatidylglycerol, phosphatidylethanolamine, phosphatidylmethylethanolamine, phosphatidylglycerol, seven unknown phospholipids and two unknown aminolipids. Susceptible to ampicillin, rifampicin and vancomycin, but resistant to kanamycin, bacitracin, spectinomycin, streptomycin and tetracycline.
The type strain, M23
T (=KCTC 52219 T =JCM 31889 T ), was isolated from a laboratory culture of the bloom-forming cyanobacterium Microcystis. The DNA G+C content of the type strain is 69.9 mol%.
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